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Acoustical mode/ling of the proposed fish dejlection :,y stem in the River Rhône: Ver bois Dam 

1. Introduction. 

Fish Guidance Systems Limited (FGS Ltd) tasked Subacoustech Limited to acoustically 
model a fish deflection system proposed for installation in the River Rhône. for the purpose 
of herding the indigenous fish upstream during the necessary dredging resulting from the 
Verbois Dam. This was to be accomplished by using the Predictive Image Source Model 
(PriSM) developed by Subacoustech. 

PriSM was used to produce sound pressure level (SPL) contour maps based upon acoustic 
energy being introduced into the water by means of collections of sound projectors 
transmitting a fish deterrent signal. Surveys of sound levels were calculated in three 
locations, corresponding to position 12, position 6.1, and at the bridge marking the upstream 
limit of the herding process (figure 1 illustrates these locations). The purpose of the 
acoustical modelling was to determine whether Sound Projector Arrays (SPAs) would be 
capable of producing a sound field in which the SPLs exceeded the background noise level 
by at least 25 dB in a band traversing the river, and the sound fields produced demonstrated a 
high degree ofuniformity i.e. not varying greatly over small distances. Ifthese criteria could 
be met, it was intended to ascertain the optimum number of projectors, and their spatial 
location. 

It was concluded from the results of the modelling that two 4 unit SPAs ( depicted in figure 
2), comprising FGS Model 30-600 type projectors, would introduce sufficient sound energy 
into the river to produce the required signal-to-noise levels. In order to obtain the appropriate 
coverage ac ross the river channel the SP As must be driven independently. During the 
"herding" process i.e. whilst the towing vessels travel from position 12 to the bridge 
upstream, the SPAs shou1d be dep1oyed as illustrated in figure 3. The centre of the projectors 
should be at a minimum depth of 3.5 metres, and both SPAs should be perpendicularly 
removed by 15 metres from the river banks. On arrivai at the bridge, the equipment rafts 
should be positioned as shown in figure 4; the depth location remaining the same. 
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Acoustical mode/ling of the proposedfish deflection system in the River Rhône: Verbois Dam 

2. Method. 

Sound propagation in shallow water is relatively complicated when compared with that in 
deep water, since in addition to the wave that travels directly from an acoustic source (a 
sound projector) to a distant point, there is also a continuum of waves that are generated by 
the environment in which the propagation occurs. 

The sound field created by an acoustic source is further complicated by the fact that efficient 
reflectors of sound e.g. the water surface, which create a pressure-release boundary with the 
water, invert acoustic pressure waves at the interface between the media. In other words, 
waves that have positive pressure as they are incident to the surface leave it as inverted, or 
negative, waves. Less efficient reflectors of sound for m acoustically rigid boundaries with 
the water, at these interfaces the reflected pressure is unaltered. The occurrence of these 
phenomena is controlled by the physical properties of media adjoining the water, and to 
allow for this when modelling shallow water acoustic situations the local topography, 
bathymetry, and the construct and material of man-made structures must be take into 
consideration. The acoustic waves may be reflected many times from both the rigid and 
pressure-release boundaries, leading to a set of waves which may have positive or negative 
pressure. Reflected waves may interact constructively or destructively with the direct wave 
yi el ding a highly complex pressure field in the water. 

By taking account of the direct sound contribution from a source and the waves multiply
scattered between surface, seabed, and river banks it is possible to predict the sound pressure 
level (SPL) that will arise in proximity to the source. 

PriSM is utilised in an iterative process. An initial configuration of sound projectors is 
selected based on empirical acoustical factors and experience. PriSM is run and the field 
evaluated in tenns of its deflection efficiency. It is likely that the first configuration of Sound 
Projector Array (SPA) will not satisfy ali the proposed specifications so modifications are 
required. Subsequently, this investigative procedure produces sound projector configurations 
which suit the acoustical situation better than their predecessors, eventually allowing the 
dete1 mination of a fish deterrence system that fulfills the design criteria. 

Fish Guidance Systems specified that the deterrence system should be proven in 3 locations 
along the river. The modelling would be started at position 12, the optimum design of SPAs 
resulting from this would then be tested at position 6.1, and finally, testing would occur at the 
static tenninal position at the bridge upstream. 

For the fish deterrent system proposed for installation and use in the River Rhône, 
calculations of SPL were perfonned numerically for differing numbers and arrangements of 
sound projector. Initially, a frequency of 100 Hz was used as the signal emitted by the sound 
projectors. This was selected because it represents an intel mediary value frequency from the 
signal intended for transmission. Having opted for a particular configuration for the SP As, 
investigations were perfmmed into the effects ofvarying the transmitted frequency, the depth 
of the horizontal survey plane, and the vertical location of the SP As. 

The results are presented versus two spatial coordinates in figures 5 to 38 of this report. 
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Acousticaf mode/ling of the proposedfish deflection system in the River Rhône: Verbois Dam 

3. Results. 

Ail of the graphical results provided within this report illustrate the signal to noise levels 
calculated by PriSM. Each value represents the difference between the predicted sound 
pressure lev el ( SPL) and the background noise lev el. Because of a lack of data describing the 
latter, a moderate value of 100 dB was assumed. The contour graphs are orientated such that 
the bound edge of the page indicates the upstream direction. The areal extent modelled is 
denoted on each figure; as a minimum 40 metres upstream of the SPAs is covered, allowing 
inspection of the area in which the design criteria were to be met. 

Fish Guidance Systems Limited (FGS) stipulated a preference to use the FGS Model 30-600 
type sound projectors for this installation. The suggested method of SPA positioning, 
encouraged the use of independent signal genera tors for the two separa te SP As. An 
advantage of this method is the promotion of greater sound field uniformity; this is by virtue 
of the sound from the two SP As being incoherent, and hence the signais transmitted from 
each SPA do not interfere with one another. For this reason, there are two results for each 
situation examined, one for each of the incoherent SP As. Conclusions as to the effectiveness 
of each SPA are made by examining each pair of results. 

The first step in the modelling process was to ascertain what number of projectors would be 
capable ofproducing sufficiently high sound levels i.e. exceeding the background noise levet 
by 25 dB or more over the designated area. A simple calculation of transmission loss 
indicated that two Model 30-600 projectors might accomplish this. Position 12 was the first 
location to be tested, and figures 5 and 6 show the resulting SPLs. There is a high degree of 
uni for mity to the sound fields; the bene fit of using incoherent SP As is apparent, as the 
unwanted nodal patterns associated with severe interference between sources are not 
displayed. However, viewing both of these figures, it is possible to see that this nurnber of 
projectors is inadequate; the mid-channel SPLs are only 15-20 dB above the background 
noise level. In other words, the sound levels must be increased by about 15 dB in this area. 
By doubling the number of projectors, the SPLs produced would be increased by 6 dBs. 
Therefore, by replacing each singular projector with a collection of four the necessary gain in 
level would be achieved. Figures 7 and 8 illustra te the SPLs produced by two SP As ( each 
containing 4 Model 30-600 projectors ); they exceed background noise levels by 30 dB or 
more in the target area. The increase in numbers of projectors does not affect the acceptable 
unifmmity of the sound fields displayed by the smaller SPAs. 

Having detennined the size of the SPA that would introduce sufficient sound energy into the 
River Rhône at position 12, so generating the necessary SPLs, the next stage in the modelling 
was to experiment with the placement of the SP As, and hence detennine the optimum 
positioning. Primarily this was accomplished by modifying the distance between the river 
banks and SPAs. The overall trends of this examination are typified in figures 9 to 12. The 
sound fields deteriora te in tenns of unifm mity when the distance between the SP As and the 
banks is either increased or decreased. Additionally, both of these modifications produce a 
reduction in signal to noise levels. This procedure indicated that the best separation between 
the SP As and the river banks was 15 metres. 
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Acoustical mode/ling of the proposedfish dejlection system in the River Rhône: Verbois Dam 

The variation to the SPLs caused by changing the transmitter frequency and the depth of the 
survey plane was investigated. Ordinarily, relatively "high" frequencies and sound fields in 
relatively close proximity to the water surface are likely to produce more variable sound 
fields, highlighting potential problems resulting from non-unifonnity of sound pressure; both 
of these tendencies were encountered. The sound contour maps predicted for the extremes of 
the signal to be transmitted are shown in figures 13 to 16. When the frequency is lowered to 
50 Hz the field unifot mity improves, and the extent of the sound level bands re mains largely 
unaltered. Raising the transmitted frequency to 300 Hz is accompanied by a slight 
degradation of the sound field unifonnity but an advantageous increase in the extent of the 
35-40 dB region. The calculations perfonned by PriSM indicate that the proposed SPAs 
produce adequate sound fields in the frequency range intended for transmission. 
Examination of figures 17 to 20 shows the results obtained at a number of survey depths 
while maintaining the depth position of the SP As. Movement of the survey plane towards the 
water surface produces an increase in the variation of the SPLs with horizontal movement, 
and there is little or no effect when the survey plane is lowered towards the river bed. Even 
though the uniformity of the sound field worsens towards the water surface, it is still 
acceptable. 

• 

Having previously established the best horizontal positioning for the SPAs, an investigation 
into the optimum vertical siting for the SPAs was perfonned. Figures 21 to 24 demonstrate 
the findings of this exploratory work. Raising the SPAs closer to the water surface causes a 
slight reduction in sound field uniformity, a reduction in the extent of the 30-35 dB region 
perpendicular to the river banks is also evident. Lowering the SPAs produces very little 
effect. This indicates that the SPAs should be positioned at a minimum of 3.5 metres depth 
below the water surface. Inspection of the free-issue river profile information supplied by 
FOS shows that at 15 metres from the river banks 3.5 metres depth is achievable. 

The SPAs defined during this procedure were then tested at position 6.1. Figures 25 to 30 
represent a sample of the results obtained. The SPAs meet the required specifications 
pertaining to SPLs and sound field unifomlity; the best results were obtained with the SPAs 
located at a depth of 5.5 metres. The SPAs would still meet the criteria if the transmitted 
frequency were varied between the signal limits, and the sound fields produced at depths 
other than those presented were also acceptable. 

Finally, the sound levels generated when the SPAs were positioned between the bridge piers 
were calculated. Figures 31 to 38 represent a selection of the results, illustrating sound fields 
produced at different depths and variations to SPLs caused by changing the horizontal 
positioning of the SP As. On ali of the diagrams, the location of the bridge piers is marked by 
the square areas having a signal to noise level of 0 dB. Figures 33 to 36 show that the sound 
fields produced at horizontal depths of 3.5 metres and 5.5 metres adequately meet the design 
requirements. However, the results obtained at 1.5 metres (figures 31 and 32) show areas 
immediately adjacent to the bridge piers where the SPL drops to within 20 dB of the 
background noise level. To increase these levels, the distance from the SPAs to the river 
banks was changed. The optimum result in the 1. 5 metre survey depth, produced by the 
configuration depicted in figure 4, is shown in figures 37 and 38; these SPAs meet the design 
specification. 
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Acoustical mode/ling of the proposed fish dejlection system in the River Rhône: Verbois Dam 

4. Conclusions. 

In summary:-

1. The PriSM modelling performed for position 12, position 6.1, and the bridge 
upstream of the Verbois Dam indicate that SPAs are capable of producing signal to 
noise levels in excess of 25 dB and sound pressure fields displaying high degrees of 
unifmmity. 

2. To produce the appropriate sound pressure levels (SPLs), traversing the River Rhône, 
it will be necessary to utilise two independently driven SP As, comprising 4 FGS 
Madel 30-600 sound projectors. 

3. During the "herding" process these SPAs will be suspended at a minimum depth of 
3.5 metres below equipment rafts, and maintained at distances of 15 metres from the 
river banks. 

4. At the final bridge location, the SPAs should be deployed approximately 19 metres 
downstream of the bridge piers, and 25 metres from the river banks (as shown in 
figure 4). 
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A coust ica/ mode/ling of the proposedfish deflection system in the River Rhône: Verbois Dam 

5. Figures. 
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Acoustical mode/ling o.f the proposed fish de_flection systen1 in the River Rhône: Ver bois Dam 

Figure 4 

Illustration of SPA positioni_!lg between bridge J!Ïers. 
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Acoustical mode/ling of the proposedfish deflection systenz in the River l?hône: Verbois Dan1 

Figure 6 

Çontour m~n,showing signal t.9 _.9ise levels for a single unit SPA located at position 12 
on the River Rhône (transmitted freguency 100Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposed.fish deflection system in the River Rhône: Verbois Dam 

Figure 7 

Con!our map showing signal to noise levels for a 4 unit SPA located at position 12 on the 
River Rhône (transmitted freguency 100Hz survey depth 3.5 metres). 
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Acoustica/ mode/ling C?f the proposedfish deflection system in the !Uver Rhône: Verbois Dam 

Figure 8 

Contour map showing signal to noise levels for two single unit SPAs located at *position 
12 on the River Rhône (trans~itted freguency 100Hz survey depth 3.5 metres). 
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Acoustica/ mode/ling of the proposed .fi .. r.,·h deflection ~y stem in the River Rhône: Ver bois Dam 

Figt1re 9 

.CQntour ma_p showing signaJ to noise levels for a 4 unit SPA located at position 12 on the 
River Rhône (transmitted frequency 100Hz survey depth 3.5 metr~s). 
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A coust ica/ mode/ling of the proposed .fish dejlection systen1 in the River Rhône: Ver bois Dam 

Figure 10 

Contour map sltowing signal to noise levels for a 4 unit SPA located at position 12 on the 
River Rhône (transmitted freguency 100Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposedfish deflection systent in the /~iver l?.hône: Verbois Dan1 

Figure 11 

Contour map shqyving ~ignal to noise levels fo.r. a 4 unit SPA located at position 12 on the 
~iver Rhône(transmitted freguen~y 100Hz survey depth 3.5 metres). 
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Acoustical mode/ling qf the proposedfish dejlection systen1 in the River Rhône: Verbois Dam 

Figure 12 

Contour map showing signal to noise levels for a 4 unit SPA locë!ted at position 12 _!ln the 
.Rive_r Rhône (transmitt~d frequency 100Hz survey_deptb 3.5 metres). 
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Acoustical mode/ling qfthe proposedfish deflection system in the River Rhône: Verbois Dam 

Figure 13 

Contottr map showing signal to noise lev~ls for a 4 unit SPA located at position 12 on the 
River RhÔI!.f (transmitted freguency 50 Hz survey d,eptl1 3.5 metres). 
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Acoustical mode/ling of the proposedfish deflection sy._\·tem in the River Rhône: Verbois Dam 

Figure 14 

.C,ontour map showing sigr:aal to noise levels for a 4 unit SPA located at position 12 on the 
.Riy$._r Rhône (transmitted frequency 50 Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposed.fish deflection system in the River Rhône: Verbois Dam 

Figure 15 

Contour map showing signal to noise levels for a 4 unit SPA located at position 12 on the 
River Rhône (transmitted freguency 300Hz survey depth 3.5 metres): 
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Acoustical mode/ling o.f the proposedfish de.flection 3ystem in the River Rhône: Verbois Dam 

Figure 16 

Contour map showing signal to noise levels for ~ 4 unit SPA locate.d at position 12 on the 
.Rivt;.r :8-hône (transmitted freguency JQO Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposed .fish deflection systenz in the River J?.hône: Ver bois Dam 

Figure 17 

Contour 1nap showing sigl!!ll to noise levels for a 4 unit SPA located at position J.Z on th~ 
8iver Rhône (transmitted fr~guency 100Hz survey depth 1.5 metres). 
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Acoustical mode/ling of the proposedfish deflection systen1 in the River Rhône: Verbois Dam 

Figure 18 

Contour map showing signal to noise levels_for a 4 unit SPA located at position 12 on the 
River Q.bône (transmitted fregue.ncy 100 Hz survey dej)th 1.5 metres). 
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Acoustical mode/ling~~ the proposed fish de_flection .system in the l?iver Rhône: Verbois Dam 

Figure 19 

Contour map showing signal to noise levels for a 4 unit SPA located at position 12 on the 
River Rhône (transmitted ft·equency 1().0 Hz su~.vey depth 5.5 metres). 
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Acaustical mode/ling of the proposedjish dejlection systen1 in the River Rhône: Ver bois Dam 

Figure 20 

Contour map showing signal to noise levels for a 4 u~_it SPA located ~t position 12 on the 
Rj~~r$2~h&n~ (traf!~m.itteQ,frequency 100 Hz survey depth 5.5 metres). 
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Acoustical mode/ling of the proposed.fish defiee ti on system in the River Rhône: Verbois Dam 

Figure 21 

Contour map showing signal to noise levels for a 4 unit SPA located at Qosit.ion 12 on the 
River Rhône ((!J!DSmitted freguency 100Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposed fish defiee ti on systen1 in the River Rhône: Ver bois Dam 

·Figure 22 

Çontour map showing signal to noise levels for a 4 unit SPA located llt QQ.sition 12 on the 
.River Rhône (transmitted fregu~ncy lOO Hz survey depth 3.5 metres). 
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Acoustical mode/ling of the proposed fish deflection system in the River Rhône: Ver bois Dam 

Figure 23 

CQ.ntour map showicn_g signal to noise levels for a 4 unit SPA located at positiQn 12 on the 
River Rhône (transmitted ft:~guençy 100Hz survey depth 3.5 metres}: 
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Acoustical mode/ling o.fthe proposedfish deflection system in the River Rhône: Verbois Dam 

Figure 24 

Çontour map showing signal to noise levels for a_4 unit SPA located at position.12 on the 
River Rhône (transmitted fr!guency 100 Hz ~ur~ey depth 3.5 metres). 
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Acoustical mode/ling of the proposed fish dejlection systen1 in the River Rhône: Verbois Dam 

Figure 25 

Contour map s_howing signal to_.!!oise levels for a 4ttnit SPA located at position 6.1 on 
the River Rhô!le (transmitted freguepcy 100 Hz.survey depth 1.5 metres). 
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Acoustical mode/ling of the proposed.fish deflection systen1 in the River Rhône: Verbois Dam 

Figure 26 

Contour map showing signal to noise levels for _a 4 unit SPA located at position 6.1 on 
the River Rhôn,.e (transmsitted frequency 100 Hz survey depth 1.5 metres). 
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Acoustical mode/ling of the proposedfish dejlection systen1 in the l~iver Rhône: Verbois Dam 

Figure 27 

Contour map showing signal to noise levels for a 4 unit SPA located at position 6.1 on 
the River Rhône (transmitted frequ~n~y 100 l{z survey depth 3.5 metres). 
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Acoustical mode/ling of the proposedfish deflection system in the River Rhône: Verbois Dam 

Figure 28 

( 9ntour map showing signal to noise levels for a 4 unij SP A_Jocated at position 6.:1 on 
the River Rhône (transmitted freguency 100 Hz ~urvey depth 3.5 metres). 
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Acoustical mode/ling of the proposedfish dejlection system in the River Rhône: Verbois J)am 

Figure 29 

Contour map_showi_.g signal to J!9ise levels .for a 4 unit SPA located at_position <i.-1 on 
the Riyer Rhône (tJansmitjÇJ!_ freguency 1Q9~Hz ~urvey depth 5.5 mettes) .. 
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Acoustical mode/ling of the proposed fish dejlection system in the River Rhône: Ver bois Dan1 

Figure 30 

Cogtour maRshowing sign~! to nois~ l~v~ls for a 4. un!t S~A located at m~sition §.1 on, 
the R~ver Rbône (transmitted freqpençy 1QO IJz survey.!lepth 5.5 metres). 
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Acoustical mode/ling qfthe proposedjish deflection system in the River Rhône: Verbois J)am 

Figure 31 

C,Qntour map showing signal to noise levels for a 4 unit SPA Jocated a tc the bridge piers 
on the River Rhô:Qe (transmitted freguency 100Hz sur·vey depth 1.5 metres). 
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Acoustical mode/ling of the proposed .ftsh deflection system in the River Rhône: Verbois Dam 

Figure 33 

ÇQntour map showing sig~ al to noise levels for a 4 unit SPA located at the bridge piers 
op the River:.Bhône (tran~~itted fregueitcy 100Hz ~Jtrvey depth ,;l.-5 metres). 
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Acoustical mode/ling of the proposedfish de_flection systen1 in the River Rhône: Verbois Dam 

Figure 34 

.ÇontQur map s~owing signal to noise levels for _a 4 unit SPA located at the bridge piers 
on the River Rhôn~ (tt:ansmitted freguency lOO,_Hz surve.y _d~Pt.h 3~5 metres). 
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Acoustical ntodelling of the proposed.fish de_(lection system in the River Rhône: Verbois Dam 

Figure 35 

Contour map showing signal tQ noise levels for· a 4 gnit SPA located at the bridge piers 
90 the ~!ver Rhône (transmitted frtlquency. l OO_ Hz survey d~Itth 5.5 metres). 
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Acoustical mode/ling qf the proposedfish dejlection systetn in the River Rhône: Verbois Dam 

Figure 36 

Çontour.map sbowing signal to .noise levels for a 4 unit SPA located at the bridge piers 
.on tbs.mJ!iv~r'Q~hône (transmitted freqtte~cy 100 Qz survey depth 5.5 metres). 
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Acoustical n1odelling of the proposedfish defiee/ion system in the River Rhône: Verbois Dam 

Contopr map showing signal to noise levels for a 4 unit SP A_locate~ at the bridge l!~~rs 
Q~_tbe River Rhône (transmitted freguen~y 100Hz survey deptltl.~_metres)lt 
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Acoustical tnodelling of the proposedfish deflection systen1 in the River Rhône: Verbois Dam 

Figure 38 

Contour map showing signal to noise levels for a 4 unit SPA loc~Jed at the bridge pi~rs 
QIJ tbe River Rhône (t.r_ansmjtt~d ft:~guency 100Hz survey depth l.S __ metfes). 
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